Introduction to

Information Retrieval

MAE70: Avaktnon NAnpodoploc
Albaokovoa: Evayyeldia Mitoupa

AwaAeén 9: Aélohoynon otnv Avaktnon MNAnpodopLwv.



Introduction to Information Retrieval Kep. 6

Tu eidope oto MPONYOULEVO pHaOnua

= BaBuoAoynon ko katatoén eyypadpwv
= YtaBulon opwv (term weighting)

= Avarmopaotoon eyypadwy Kol EPWTNUATWY WE
Stavuopata

" @guata YAomoinong
" MepiAnyn amoteAeopatTwy



Introduction to Information Retrieval

Movtela StaBaBulopevnc avaktnong

" AtaBaBuiopevn avaktnon (ranked retrieval): avti
£VOC 0UVOAOU gyypAdwV MOV LKOVOTIOLOUV TO
gpwtNUa, pla drataén tTwv (Kkopudalwv) yla tnv
gpwtnon eyypadwyv tnc cUAAOYNC

= Aldtaén pe Bdon éva Babuod, score(d, g), petpd modco
KaAd to gyypado d “taiptalel” (match) pe to
EpWTNUA g

" Emotpedoupe ta Kopudatia-k (top-k)

" JuvnUwc uadl ue epwtnuata EAEVIEPOU KELUEVOU
(Free text queries)




Introduction to Information Retrieval

AwaBoBuiouevn avaktnon: Bepata

1. Nwc oplloupe TO score;

2. Nwc vmoAoyiloupe amodoTika ta k KaAuTtepQ
gyypoada otav n cuA\oyn ivatl HeyaAn;

Oa dovue apyika uedodouc rrou Baoilovral oto
«KElUEVO» yLa to epwtnuo 1



Introduction to Information Retrieval

Movtela StaBaBulopevnc avaktnong

Mwc optllouvpe to fabuo;
Eotw €va epwtnua Kal t; oL 0poL Tou

Avo BoaoLka KpLthpLa BOCLOUEVA OTO «KKELLEVOY
= Juxvotnta epdaviong Tou opou t;oTo KeLpeVO (i)

= Yyuxvotnta epdaviong Tou 0pou t;otn culoyn (icf)



Introduction to Information Retrieval Kep. 6.2

tf koL otaBuion pe log tf

= Houyvotnta tf, ;Tou 0pou t o€ eva eyypado d opiletal wg
apLOpoc twv popwv Tou To t epdaviletal oto d.

= Juyxva otabuion pe xpron tou AoyaplBuou tng cuxvotntag (log
frequency weight) tou 6pou t oto d €ival
1+ log,, tf, 4, if tf., >0
W, , = | o
b 0, otherwise

= 0->0,1->1,2->1.3,10 - 2,100->3, 1000 - 4, kAm.

= O Babuoc yia eva (evyoc eyypadou-epWTAMATOC: AOPOLoHA TWV
Bopwv OAWV TWV KOWVWV OpWV:

score = Zeqm (1+log tf,4)



Introduction to Information Retrieval Kep. 6.2.1

idf katL otaOuion

= df,elval n ouyvotnta eyypadwv tou t: o aplOpog
(mMANBo¢) twv eyypadwv TN cuAAOYNC TTOU
neplexovvto t (df, <N)

= df, elvaw n avtiotpodn petpnon tng mAnpodoplag mouv mapeXEL 0
opocg t

= Opilovpue TNV avtlotpodn cuyvoTnTo eyypahwy
idf (inverse document frequency) tou t w¢

Idf, =log,, (N/df,)

= Xpnowomnowvpe log (N/df,) avti yw N/df, ylo  va
«opoAomoljocoupe» tnv enibpaon tou idf.



Introduction to Information Retrieval Kep. 6.2.2

>taluiwon pe tf-idf

To tf-idf Bapoc evoc 6pou elval TO YIVOUEVO TOU
Bapouc tf kat tov Bapouc idf.

w = (1+log(tf, 4))>xlog(N /df,)

= Avéavel e tov aplBuo epdavicewv Tou 0pou oto £yypado
= Au&AVEL LE TN OTIAVLOTNTO TOU OPOU OTN CUAAOVYN

Score (g, d) = Zteqmdtf.idft,d

¢ Exouv npotaBel kat moAAol aAlot tpomot cuvduacopou tou tf
Ko idf



Introduction to Information Retrieval Kep. 6.2

AlavVUopOTLKA avamapaotoon

Antony and Cleopatra | Julius Caesar |The Tempest Hamlet Othello Macbeth
Antony 1 1 0 0 0 1
Brutus 1 1 0 1 0 0
Caesar 1 1 0 1 1 1
Calpurnia 0 1 0 0 0 0
Cleopatra 1 0 0 0 0 0
mercy 1 0 1 1 1 1
worser 1 0 1 1 1 0

KaBe egyypado avamoplotatalr w¢ eva ovadiko Olwavuoua €
{0,1}VI(tnv avtiotowyn otAAn)



Introduction to Information Retrieval Kep. 6.2

O mivaKkoC LE LETPNTEC

Antony and Cleopatra | Julius Caesar | The Tempest Hamlet Othello Macbeth
Antony 157 73 0 0 0 0
Brutus 4 157 0 1 0 0
Caesar 232 227 0 2 1 1
Calpurnia 0 10 0 0 0 0
Cleopatra 57 0 0 0 0
mercy 2 3 5 5 1
worser 2 0 1 1 1 0

KaBe eyypado eival eva dlavuopo petpntwy (cuxvotnta
endavionc tov opou oto gyypado) oto NIVI: o othAn
TTOP OLKALTW
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Introduction to Information Retrieval Kep. 6.3

O mivakoc pe fapn

Antony and Cleopatra  Julius Caesar The Tempest Hamlet Othello Macbeth

Antony 5.25 3.18 0 0 0 0.35
Brutus 1.21 6.1 0 1 0 0
Caesar 8.59 2.54 0 1.51 0.25 0
Calpurnia 0 1.54 0 0 0 0
Cleopatra 2.85 0 0 0 0 0
mercy 1.51 0 1.9 0.12 5.25 0.88
worser 1.37 0 0.11 4.15 0.25 1.95

Oewpovpue to tf-idf Bapoc tou opovu:
= KaBe éyypado sival éva dtavuoua tf-idf Bapwv oto RIVI
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Introduction to Information Retrieval Kep. 6.3

Ta eyypada wc Stovuopota

Exoupe eva |V |-6laotato SLaVUOUOTLKO XWPO
= OLopol elval oL a&ovec autol TOU XWPOoU

" Ta éyypada Kol ol EPWTACELC elval onpela R dtavuoupata
O€ QUTOV TOV XWPO

" [ToAU peyaAn didotaon: dekadec ekatoppupLla SLOOTACELS
oTnV nepintwon tn¢ avalntnong oto web
" [ToAU apatd dtavuopato — ol tEPLoooTEPOL Opol ival 0

" To score(qg, d) wg To cuvnuitovo TNC ywviog Twv g Kat d
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Introduction to Information Retrieval

BaBupoAoynon oto SLovUGUOTIKO XWPO

1. Avamapaotaon Tou EPWTINHMATOC WC Eva
StaBaBuiopevo tf-idf dtavuopa

2. Avarnopaotoon KaBe eyypaddou wc Eva
StoBaBuiopevo tf-idf dStavuopa

3. YmoAoyloe to ouvnpuitovo yia KaBe (evyoc
EPWTAUATOC, EYYpAPOU

4. Awataée ta eyypada pe Baon avto to fabuo

5. EméotpePe ta kopudaia K (m.x., K=10) eyypada oto
elaleady
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Introduction to Information Retrieval Kep. 6.4

NapaAlayecg tnc tf-idf otaBuionc

Term frequency Document frequency Normalization
n (natural) tfe g n (no) 1 n (none) 1
| (logarithm) 1 + log(tf:.q) t (idf) log % c (cosine) )
 WE W+ W,
0.5xtf:q - N—df : /
a (augmented) 0.5+ ——==< | p (prob idf) max{0, log t1 | u (pivoted 1/u
maxe(tle.q) i unique)
b (boolean) L if the g >0 b (byte size) 1/CharLength™
0 otherwise : ’

o< 1
1+log(tfs 4)

L (log ave) 1+log(averzd(tie.q))

Augmented: BewpoU e TN CUXVOTNTA TOU TILO CUXVOU OPOU OTO £yyPado Kol KAVOVIKOTIOLOUUE LE
auTAV

To 0.5 eivat évag teAeotég otabuiong (e€opdAuvong) — smoothing factor (cuyva kot 0.4 avti 0.5)
YLOL VO OVTLUETWTTILOOULE TO YEYOVOC OTL PeyAAa Eyypada Uopel va €xouv peyada tf TLHEC yiaTl
enavalappfavouv mAnpodopia
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Introduction to Information Retrieval

AwaBoBuiopevn avaktnon

Apkel to tf.id;

E€aptatal ano tn cuAAoyn Kat tTnv
epappuoyn, cuvnBwc cuvbuaouoc rmoAAwyv
OTAUULOUEVWY 0pWV
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MNapadeypo: StaBodulopevne avaktnon

oTo google

SEQ: search engine optimization

Google 200 ranking factors (*) — deite Touc oto TEAOC TWV
Stadaviwv

(*) http://backlinko.com/google-ranking-factors

H é¢eite kat avto
http://moz.com/search-ranking-factors

SERP: search engine result page
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Introduction to Information Retrieval

AwaBoBuiopevne avaktnon google

 0.40

Google +
Facebook Shares
Number of Backlinks
Facebook Total | 034
Facebook Comments  0.33
Facebook Likes  0.31
Pinterest j 0.29
Tweets | 0.28
%% Backlinks rel=nofollow
@ SEO-Visibility of backlinking URL
% Backlinks with Stopword
Length of URL
Number of intemal Links
Word Count in Anchor Text
HTML Length
Position of Keyword in Title (Character)
Position of Keyword in Title (Word)
9% Backlinks from same Country
Word Count
Keywords in Body
Keyword in external Links
Text Character Length
Intemnal Link is self-referential
Keyword in internal Link
Number of external Links

0.11
0.11
0.11
0.11
0.11
0.11
0.11

Image Count

URL is no Subdomain

9% Backiinks with Keyword
Existence of Description
Existence of H2

Sitespeed

Existence of H1

0.06

Keyword in Domain Name 0.03
0.03
Keyword in H2 0.03
Keyword in Description 0.02

Keyword in URL

Keyword in Title

Adiinks (without AdSense)
Adiinks

Video Integration

0.00
0.00

0.00

Adsense Blocks

Title Character Length
Adsense

.03 Keyword in H1

T T T T T T T T
-0.15 -0.10 -0.05 0 0.05 0.10 0.15 0.20 0.25 0.30 035 0.40

Spearman Correlation - Study of Google search results

http://www.searchmetrics.com/en/knowledge-base/ranking-factors-us-2013/

social

on page (content)

on page (technical)

backlinks
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Introduction to Information Retrieval

Edge rank used to have three primary factors:
v Affinity — i.e., how close is the relationship between the user and
the content/source?

v' Weight — i.e., what type of action was taken on the content?
v' Decay — i.e., how recent/current is the content?

New algorithm uses close to 100K weight factors

Source: http://marketingland.com/, Aug 16, 2013
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http://marketingland.com/

Introduction to Information Retrieval Kep. 6

Tu eldope oto MPONYOULEVO HABOnua

= BaBuoAoynon ko katatoén eyypadpwv
= YtaBulon opwv (term weighting)

= Avarmopaotoon eyypadwy Kol EPWTNUATWY WE
Stavuopata

= OQcpata YAomolnonc
" MepiAnyn amoteAeopatTwy
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Introduction to Information Retrieval

Emtektaon Katoaxwprnoswv

BruTus —|1,2|17,3]183,1|87,2

JAESAR —|1,115,1113,1 17,1

JALPURNIA | — | 7,1 8,2|40,1 ] 97,3

" JUXVOTNTEC OpWV

2e kaBe kataxwpnon, anobrikeuvon tou tf, ; emutpocOeta tou
doclD

" H ouyvotnta idf, arrodnkevetatl oto Ae§ko padll pe tov 0po t

20



YrtoAoylopoc faBuou

YrtoAoyLopoc ava-opo (Evag-opoc-tn-popa - a-term-
at-a-time)

* H amAovotepn Mepimtwon ival va eMeEEpyaoTOUUE OAN
N AloTa KaTaXWPNOEWV YO TOV TIPWTO OPO TOU
EPWTAUOTOC

" AnULOUPYOUE EVOL CUCCWPELTN TWV Pabuwv ylo KABe
doclD eyypadou nou Bplokoupe

= Meta eneéepyalOpoote MARPWCE TN AloTA KATOUXWPNOEWV
ylot Tov 6eVTEPO OPO KOK
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Introduction to Information Retrieval Keo. 7

YrtoAoylopoc faBuou

= YrtoAoylopocg ava eyypodo (éva éyypado tn dopd
document-at-a-time) MmopoUue vo. SLaTPEXOULE TIC AlOTEC
TWV OpWV TOU EPWTAMATOC ApAAANAQ OTIWC OTNV TIEPLMTWON
n¢ Boolean avaktnong (merge sort)

" AUTO €XEL WC ATTOTEAECHA AOYW TNC OLATOENC TWV
gYYPAPWV OTLC ALOTEC KATOXWPLOEWV TOV UTTOAOYLOUO TOU
BaBuou ava eyypado
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Introduction to Information Retrieval Keo. 7

YrtoAoylopoc k-kopudaiwVv ormoTEAECHUATWY

Y& MOAAEC epaployEC, e xpeLlalOUAOTE TNV TANPN KATATAEN,
aAAQ pLovo ta kopudala k (top-k), yia KAToLlo Hkpo k, Tt.x., k =
100

= AmAoiko¢ TpOTOC:

= YrtoAoyloe toug BaBuoug yia oAa ta N eypada
= Sort
" Eneotee ta kKopudalia k

Av 6g Ypelalopaote OAn tn dlataén, UTIAPXEL TILO ATTOOOTLKOC
TPOTOC VA UTTOAOYLOOUE L0Vo Ta Kopudala k;
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Introduction to Information Retrieval Keo. 7

Xpnnon min-heap

= Xpnon duadikol min
heap

= Eva duadikd min
heap eival eva
duadiko 6Evtpo nou / \
n T €vog KopBou
elval pLkpoTEPN MO
TNV TLUA Twv duo
ratdLwy Tou. / \ / \
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Introduction to Information Retrieval Keo. 7

Erttdoyn twv kopudaiwv k g O(N log k)

2T0X0C: Atatnpoupe ta kaAutepa k ou €xoupe HeL HEXPL
OTIYHNG
= Xpnon duadikou min heap
" o TNV emeepyaocia evoc veou eyypadou d' e score s':
= Get current minimum h_, of heap (O(1))
= If s" < h_ skip to next document /* urdpyouv k kohUtepa */
= If s’ > h,_ heap-delete-root (O(log k)) /* karvtepo, oBrice t pita

heap-add d'/s’ (O(log k)) ko Béto oo heap */

25



Introduction to Information Retrieval Keop. 7.1.1

[evikn tpooeyylon «PaAldlopotocy

= Bpec eva cuvoAo A armo vrtoynodLa eyypada
(contenders), onou K< [A] << N

= To A bev niepleyel anapaitnta oAa ta top K, aAAa
TTEPLEXEL OPKETO KOAD Eyypapa Kol ToAAa armo ta top K

" Eneotpede ta top K eyypada tou A

To A eivat eva paAidiopa (pruning) twv pn vrtoPpndiwv

v Etot kat aAAwwc¢ to ouvnuitovo givat Hovo uto:
«EKTIUNON» TNC CUVAPELOC

Oa 0UUE OXETIKOUC EUPLOTIKOUC
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Introduction to Information Retrieval Kep 7.1.2

[MepLOPLOMOC TOU EUPETNPLOU

= O Baokoc alyoplOuoc utoAoyLopoU Tou
ouvnuitovou Bewpel Eyypada mou EPLEXOUV
TOUAQYLOTOV EVaV 0pO TOU EPWTNUATOC

" MmnopoUUE Vo EMEKTELVOUE aUTAV TNV OEQ;
= Eéetaloupe HOVO TOUC OPOUC TOU EPWTNMATOC LE LUEYTAO
idf
= Eéetaloupe povo eyypada ou MEPLEXOUV TOAAOUC aTto
TOUC OPOUC TOU EPWTNUATOC

27



Introduction to Information Retrieval Kep. 7.1.3

Alotec mpwtaBAnTWV

* [Po-UTtOAOYLOMOC VLA KABE Opo t Tou Ae€LkoU, TwV r eyypaPpwv LLE
TO LEYOAUTEPO PAPOC AVAUECA OTLC KATAXWPNOELG TOU t -> AloTa
npwtavAntwv (champion list, fancy list or top docs for t)

= Av tf.idf, elvat avtd pe to kaAutepo tf

" Katd TNV wpo ToU EPWTAUATOC, TIAPE WC A TNV EVWON TWV ALOTWV
MTPWTABANTWVY yla TOUC OPOUC TOU EPWTNHATOC, UTTOAOYLOE LLOVO
Tou¢ BaBpouc yia ta eyypada tnc A kat Stadeée ta K avapeoa
TOUG

* To r mpemeL va ETUAEYEL KaTA TN OLAPKELO TNC KATOUOKEUNRC TOU
gupeTNpPLOU

= Etoy, etvat mBavov otLr < K

28



Introduction to Information Retrieval Kegp. 7.1.5

idf-Olatetayuevol opot

Kata tnv eneepyaocia Twv Opwv TOU EPWTNMUATOC
" Touc eéetaloupe pe pBivovoa drataén wc npoc idf

= Opol pe peyaro idf mBavwv va cuvelopEpouv
MEPLOCOTEPO O0TO PaBuo

" KoBwc eVNUEPWVOUUE TN CUHUETOXN 0To BaBuo
KaBe opou

" JTOHOTAME oV 0 PaBuoC Twv eyypddwv dev petaBarAetal
TIOAU

29



Introduction to Information Retrieval Keo. 7

ErmtunpooBetol euplotikol yia BeAtiwon Ttou Xpovou

v Méxpt otiyunc, Jewpouue Stataén twv ALOTWV KOTOXWPHOEWVY
ue Baon to DoclD — Ga douue evaAdaktikeg dtataéelc

= M£Bodocg 1: Me Baon tnv molotnta TWV gyypadpwv

= M£Boboc 2: Me Bdaon tn OXETIKOTNTA TOU €YypAdOU WE
Tov 0po, 6nAadn to tf
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Introduction to Information Retrieval Keo. 7

Me Baon tnv «mmototnta» tou gyypadou (g(d))

v\ JuxVA UTIAPXEL EVOC aVveERPTNTOC TOU EPWTHUATOC
(otatikoc) xapoKtnpLlopog tng kKataAAnAotntac (“goodness”,
authority) Tou eyypadou — €otw g(d)

Mo topadelypa:

o 2TIC pnxaveg avalntnong (oto Google) to PageRank g(d), wikipedia
oeAidec i apBpa o€ pLa cuykekpLLEVn epnuepida, KATT
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Introduction to Information Retrieval Kep. 7

Me Baon tnv «mmototnta» tou gyypadou (g(d))

2€ QUTHV TNV TIEPLTTWON, O CUYKEVTPWTLKOC Baduoc (net-
score) evoc eyypadovu d sivol Evac cuviuaopog TNE TOLOTNTOG
ToUu gyypadou (mou €otw OTL SiveTal amo (o cuvaptInon g oto
[0, 1]) Kot TNG ouvAdELOC TOU PE TO EpwTNHA g (Ttou
ekppaleTOL ATIO TO CUVNULITOVO) TT.X.:

net-score(q, d) = g(d) + cos(q, d)
OcAouvue va ertiAeéouue oeAibec mou eival Ko yevika onUaVTIKEC (authoritative) kai

ouvapeic we mpoc tnv epwtnon (to omoio uac divel to cuvnuitovo)

" NMw¢ UMopoUE VA EMITUXOULE YPrRyopo Tepuatiouo (early
termination); AnAadn va pnv eneéepyactolle OAn tn Alota
KOTOAXWPNOEWV yLa va Bpou e ta kaAutepa k;
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Introduction to Information Retrieval Keo. 7

Me Baon tnv «mmototnta» tou gyypadou (g(d))

" ALATACOULE TIC AlOTEC KATAXWPNOEWV E BAon Tnv molotnta
(rt.x., PageRank) twv eyypadwv:

g(d,) >gld,) >g(d;)>. ..

H Odwataén twv eyypadwv eival idla yia O0Aec TtI¢ Aloteg
KOTOXWPNOEWV

v' Ta «kahd» €yypado otnv apxn tnc Kabe Alotac, onote av
Beloupe va Bpoupe ypryopa KAAQ QITOTEAECUOTO. UTTOPOUE VOl
doU e povo tnv apxn tne Alotag
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Introduction to Information Retrieval Keo. 7

Me Baon tnv «mmototnta» tou gyypadou (g(d))

Erteéepyalopoote eva eyypo@o t popc —dnAadn, yla KaBe
gyypoado uroAoyilou e ANPwWC To net-score Tou (ylo OAou¢
TOUC OPOUC TOU EPWTNMOTOC)
" Eotw g = [0, 1],

TO TeAevTalo k-kopudaio eyypado €xel Babpuo 1.2

KoL yia to eyypado d mou enetepyalopaote g(d) < 0.1, apa
KoL ylat OAa Tot uTtoAoLtal oUVOALKOC BaBuog < 1.1 (otnv
KAAUTEPN MEPLITTWON EXOUV cOS o0 e 1 tou deV apKeL OLWC yLa va
«EemEPACELY TO k-00TO KAAUTEPO).

=> §& ypeLAleTal va EMEEEPYAOTOUE TO UTIOAOLTTO TWV
ALOTWV
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Introduction to Information Retrieval Keo. 7

Alatogn kataxwpnoswy tou t pe Baon to tf, ,

|16€a: Sev emetepyalOMAOTE TIC KATOUXWPNOELC TTOU Ba
ouvelopEpouv Alyo otov TeALKO Babuo

Alatasén Twv eyypapwy e 6aon to Bapog (weight) w, 4
v Oxt kowvn Stataén twv eyypa@wy o€ OAC TIC AlOTEC

= H amAovUotepn nepintwon, normalized tf-idf weight

" Ta kopudaia k eyypada eivat mbavov va Bplokovtal otnv
apxN OWUTWV TWV TOELVOUNUEVWVY ALOTWV.

— YPNYOPOC TEPUATIONOC EVW EMEEEPYALOMAOTE TIG ALOTEG
Kataywpnoswv uaidov de Ba aAatel ta kKopudaia k eyypada
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Introduction to Information Retrieval Kegp. 7.1.5

[MPpOWPOC TEPUATLOUOC

= Kota tn 6Laoxlon Twv KATaxwpnoswyv EVoc Opou t,
otapata vwpic adou:
" Aglc eva tpokaBoplopevo aplOuo r amo eyypada
= To Wf, y TEPTEL KATW ATIO KATIOLO KOTW AL
= [1Qpe TNV EVWON TOU CUVOAOU TWV £YyypadwyV TToU
TPOKUTITEL
= Eva ouvoAo yla kaBe 6po

= YrtoAoyioe touc BaBpouc povo autwyv Twv eyypadwv
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Introduction to Information Retrieval Keo. 7

ErtunpooBetol euplotikol (mepiAnyin)

= M£Boboc 1 (ue Baon TNV moLoTNTA TWV EYYPAdwV): Zuxva
UTTAPXEL pLo StaBadpuion twv eyypadwv pPe Baon KamoLla
KpLtiptla

= Avtiva dtatdooupe pe Baon to doclD, diataoouve e Baon
KOTTOLOL UETPNON «VOUEVOUEVNC CUVAPELOCY

" BaolopEVo o€ enteéepyacia ava Eyypapo

= M£Bobog 2: EuploTiko yLa prune tou search space

= Aev UTIAPXEL EYyUnon tng opBotntag tou, SnAadn, Umopel va pog
dwoel eyypada Tou av Kal apKeTA KaAd, Sev lval ota top-k

= Ytnv npaén oxedov otaBepo xpovo (constant time).

= BoolopEVO o€ enteéepyacia ava 0po

v Kot otic SU0 TEPIMTWOEIC  SlatdooUuue TIC  AlOTEC
KOTOXWPHNOEWV UE ELOLKO TPOTTO
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Introduction to Information Retrieval Kep. 7.1.6

KAadeua cvotadwv

[po-emneéepyaoia - cuotadomolnon
(clustering) eyypadwv
[l kKABe epwTnuA g

" BpEC TOV TTLO KOVTLVO OVTLITPOCWTIO TNG
ovotadac (nyetn) L.

= Wate yua ta K mAnoleotepa syypada
avapeoa otn ocvotada tou L.
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Introduction to Information Retrieval Keo. 7

2uvoyn: MBavol tporot dtataénc tnc posting list

Ta eyypada otn Aloto evoc opou t
SlOTACOoOVTOL ELTE:
" Me Baon to document-id

" Me Baon tn onuaviikotnTe tou eyypapou (my
PageRank), npwra ta mo onuavrikd éyypapa
* Me Baon tn ouyvotnTto ELPAVIONC TOU OpouU t

OoTOo éVVpOL(I)O, TIPWTO TA EYYPAPA LUE TTOAAEC ELQPAVIOELC TOU
0pou
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2uvoyn: Tpomot urtoAoyLlopoU cuvadeLOC
EYYPAPou-gpwTNONG

= Document-at-a-time: ywa KaBe gyypado d tng
oUAAoyn¢, uTtoAoyl{ouLE TN OUVOALKN) cuvadELD TOU ME
NV epwtnon (to Babuod tou yra 6Aoucg Tou Opouc)

= Term-at-a-time: ywa KABe 0po t TNC EpWTNONC,
urtoAoyiloupe to BaBuo Tou yia oAa ta eyypada NG
oUAAoyN¢

= Score-at-a-time: EeKIVALLE LE TOL postings Tou
entnpealouv MePLOCOTEPO TO BaBUO
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Introduction to Information Retrieval

BaOuibwta eupetnpla

"= Hyxpnon PaBudbwtwyv eupetnpiwv Bewpeital we Evag amno
TOUC AOYOUC TTOU N TTOLOTNTA TWV OTTOTEAECUATWY TOU
Google ntav apyLka onuavtka kaAutepn (2000/01) amo
QUTAV TWV AVTOYWVIOTWY TOUC.

= podl pe to PageRank, tn xpryon tou anchor text kat
nepLloplopwy B€oswv (proximity constraints)
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Introduction to Information Retrieval Kep. 6.1

Napoapetpikn avalntnon

Bitsliographic Search

Lraagee Widem S or Decla-Molza

Axther
e Ao 3zurt ot du e poasiale
SUTREG Lt x cieet o sieet It B wemth o S docreat gpeared (3 Sefooe 1nd xder 1997 teapeciels

Dare of palibcation n ¢
Languge Lxgags the docuswers nw nTITSS 12

’ Ercizsh »
Project ANY -
Tyge ANY
Sabject groap ANY v
Sovted by D of paddomtion =

__Sonsttogetn seerch ]

ol documect Wy 1D J
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Introduction to Information Retrieval Kep. 6.1

Napoapetpikn avalntnon

Baowko supetniplo {wvncg oto AEELKO:

}«m am abstrac 11 121 1441 1729
william. itle 2 4 H 16
william.author 2 3 5 -l

H mAnpodopia {wvnc oTLg ALOTEC KATOXWPNONGC:

williarn 2.author, 2 title 3.author 4 title A author
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Introduction to Information Retrieval Kep. 6

Tu eidope oto MPONYOULEVO pHaOnua

= BaBuoAoynon ko katatoén eyypadpwv
= YtaBulon opwv (term weighting)

= Avarmopaotoon eyypadwy Kol EPWTNUATWY WE
Stavuopata

" @guata YAomoinong
" [MeptAnn amoteAeopaTWY
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Introduction to Information Retrieval Kep. 8.7

MNeplAnPeLc amoteAeopATWY

= Hnepypadn tou eyypadou eival kpiopn ylati ouxva ot xpnotec Baoilovtat
O£ aUTAV YL va arodacioouv av to £yypado eivol OXETLKO

= Ae xpelaletol va Stade€ouv eva-Eva ta yypada LE TN OELpA

O titAoc avtouarta amno uetadedousva, aAda nwc va vnoAoyiocouue
TIC TTEPLANYELC;

AvUo Baolka eidn meptAnPewv

= Mo otatikn tepiAnbn (static summary) evog eyypadou eivat mavra
n WOla aveédptnta Ao 1o EpWTNHA TTou £€6£0€ 0 XpNOTNC

= Mo Suvopikn reptAnbn (dynamic summary) e€aptatal amno 1o
epwtnua (query-dependent). NpoomaBei va e€nynoetL yLati to
gyypado avaktnOnKe yLo. To CUYKEKPLUEVO KABE Ppopa epwTnua
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Quicklinks

= [ navigational query onwc united airlines oL xpNOTEG
nBavov va Lkavorolouvtal amno tn oeAidba www.united.com

= Quicklinks map&xouv navigational cues og auth tn oeAida

GOL}S[E‘ united airlines ‘ Search ‘

Web [ Show options

United Airlines Flights
e One Travel com/United-Airlines  Save $10 Instantly on United Airlines Airfares.

United Airlines - Airline Tickets, Airline Reservations, Flight ...

Airline tickets, airline reservations, flight airfare from United Airlines. Online reservatior
airline ticket purchase, electronic tickets, flight search, ... 4 Show stock quote for JALA
wirn united .com/ - Cached - Similar -

Search options Eaggage
EasyCheck-in Cnline  Services & information
Mileage Flus [tineraries & check-in
My ifineraries Flanning & booking

More results from united.com » 46



http://www.united.com/

Introduction to Information Retrieval Kep. 8

Tt aAAo Ba dovue onpepa;

" NMwc EEPOUNE AV TA ATIOTEAECHATA ELVOLL KOAQL

= AfloAoynon pnxovwv avalntnonc: pebodoloyia
KOlL LETPOL
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Introduction to Information Retrieval Kep. 8

A&loAOynon cuOTNHOTOC

Amtodotikotnta (Performance)

= [1oo0 ypriyopn €lval N KATOLOKEU TOU EUPETNPLOU;
= AplBuoc eyypddwyv TV wpa
=  MeéyeBog eupetnpilou

= [16co ypnyopn sival n avalAtnon;

= 7)., latency w¢ ouvaptnon Twv EpWTNHATWY ovVA SEUTEPOAETTO N
TOU PEYEBOUC TOU eupeTnplov

EkdpaoTIkOTNTA TNG YAWCOOC EPWTNUATWY
ETUTPETEL TN Slatunwon MEPIMAOKWY avaykwyv Anpodopnong;

[Molo €ilval To KOOTOC AVA EPWTNUQL,

= Y., og Sohapla
48



Introduction to Information Retrieval Kep. 8

Metpa yia pnyavec avolntnongc

OAa avta ta KpLthpLa eivat petpnolpa (measurable): unopolpe va
TTOCOTLKOTIOL)OOULE TNV TaXUTNTA/UEYEDOC/XPLOTA KOL VOL KAVOULE TNV
EKPPOOTIKOTNTA CUYKEKPLULEVN
QoTtooo plo Bactkn) HETPNON VLA pLa nxavn avalntnong ivat n
LKavoroinon twv xpnotwv (user happiness)
TL Kavel Eva xpnotn xapouuevo,; OL apayovteg mepLAapBavouy:
= Taxvtnta amnokploncg (Speed of response)
= MéeyeBoc/kalvPn supetnpiou
= EUyxpnotn étemadn (Uncluttered Ul)
= Xwplc kootoc (free)
Koveva armo auta Sev apkel: eEQUPETIKA YPAYOPECS AAAD AXPNOTEC
amavinoelg dev Lkavomolovv eva xpnotn (cuvadela-relevance)

[TwC UTTOPOUUE VO UETPNOOUUE TN CUVHQELN,
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Introduction to Information Retrieval Kep. 8.6.2

[ToLol elvol oL XpNoOTEC

Moto¢ givait 0 xpRotng mov mpoontadoUUE VO LKAVOTTOLHOOUUE;
Eéaptatat ano tnv epoapuoyn

=  Mnyavec avalntnonc oto Web: searcher. Emtuyia: O xpriotng Pplokel auto
riov Paxvel. MEtpo: pubuoOC emloTpodAC 0T CUYKEKPLUEVN HNXOVA
avogrtnong

= Mnyavec avalntnonc oto Web: dtapnuiotrc. Emtuyia: Searcher « KALKAPEL»
otn Swadnuion. Metpo: clickthrough rate

=  Fcommerce: Ayopaotnc. Emituyia: O ayopaotnc ayopalet Katl. METpo: Xpovoc
yloL TNV ayopq, TooooTo Twv searchers mou yivovtal ayopaoTEC

=  Fcommerce: [TwAntrc. Emtuyia: O mwAntAg mouvAdel katl. MEtpo: kEpdoc ava
nwAnon.

= Eryeipnon: CEO. Emituyia: O epyalopevol yivovtal o anodotikol (Aoyw
amoTeAEOUATIKN G avalntnong). MEtpo: kKEPSOC TNC TALPELOC.
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Introduction to Information Retrieval Kep. 8.6.2

2uvnOnc opLopoc: Zuvadela

H wkavomoinon tou xprotn ocuvnBwc e€lowvetal Pe T cuvadeLa
(relevance) twv amoteAeopatwy tnN¢ avalntnong UE TO EPWTNUOL

Ma nw¢ da UETPOOUUE TH OUVAQELX;
H kaBlepwpevn pebodoloyia otnv Avaktnon MAnpodopiag
amoteAEeiTal oo Tpla oTtoLyeia:

1. Mia tpotunn cuAhoyn eyypadwv (benchmark document
collection)

Mua rtpoturin opada epwtnuatwy (benchmark suite of queries)

3. 'Eva ouvoAo amotipnong tng cuvadelag kaBes (elyouc
epwtNMaTOC-cyypadou (ouvnBwc SuadLKEC ATOTLUNOELC:
ouvvadnic-pun ouvadnig) - gold standard/ground truth
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Introduction to Information Retrieval Kep. 8.2

YuvadeLla kat Avaykn NMAnpodopnonc

" JuvAdELX WC TIPOC TL;
JUVAQELD WC TTPOC TNV EPWTNON

= Avaykn MAnpodopnong (Information need i) : «Waxvw yia
nAnpodopla OXETLKA UE TO OV TO KOKKLVO KPOLoL ELVAL TILO ATTOTEAECUATLKO
aro To AeUKO Kpaoi yLa tn peiwon tou plokou ylo Kapdlakr tpooBoAn»

Metadpaletol o€ EpwTNUOL:
" Epwtnua g: [red wine white wine heart attack]

Eotw to £yypado d”: At heart of his speech was an attack on the wine
industry lobby for downplaying the role of red and white wine in drunk
driving.

" d’ dplLoTo TAlpLOCHO OTO EPWTNHA
= d’ bev elval ocuvadEG pe TNV avaykn mAnpodopnong i
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Introduction to Information Retrieval Kep. 8.2

YuvadeLla kat Avaykn NMAnpodopnonc

" H kovorolnon Tou xpnotn Umopel va petpnBel povo
LLE TN OUVADELX WC TTPOC TNV AVAYKN TTANPOPOPNONC
KOlL OXL WC TPOC TO EQPWTNUA

= To akplPEC elval ouVAPELX EYYPOPOU-AVAYKNC
TTANPOQOPNCNC OV KoL XPNOLULOTIOLOUE CUVADELL
EYypopou-£pwTAUATOC.
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Introduction to Information Retrieval Kep. 8.3

Akpifela kot AvakAnon

= Precision (P) — AkpiB<sLa €lval To TOCOOCTO TWV
QAVOKTNUEVWYV eyypadwV TTOU €lval cuvadn

#(relevant items retrieved)

Precision = — P(relevant|retrieved)

#(retrieved items)

= Recall (R) = AvakAnon gival 1o TOCOOTO TWV
ouvadwVv eyypadwyv TTOU OVAKTWVTOL

#(relevant items retrieved)
Recall =

- : — P(retrieved|relevant)
#(relevant items)
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Introduction to Information Retrieval Kep. 8.3

Akpifela kot AvakAnon

Mivakocg Evdéexopevwy (Incidence Matrix)

TIOOYUOTIKAL
Relevant Nonrelevant
anotédeopa | Retrieved true positives (TP) | false positives (FP)
Not retrieved | false negatives (FN) | true negatives (TN)

Entire document

p = TP/ ( TP + FP) collection
R=TP/(TP+FN)

Retrieved
documents
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Introduction to Information Retrieval Kep. 8.3

AkpiBela vs AvakAnon

= H avakAnon pnopst va avénbei pe to va emlotpEPoupe
JTEPLOTOTEPQA EYYPUPQ

= H avakAnon eivat pa pn-$Bivovoa cuvaptnon Twv
gYypadwV IOV AVOKTWVTOL.

= Eva cvotnpa rou emotpEPeL OAa Ta Eyypada EXEL TTOCOOTO
avaktnong 100%!
= To avtiotpodo woyvel emiong (cuvNBwc): Eival eUkoAo va
JTETUXELC UEYAAN akpiBela LE TTOAU ULkpn avakAnon
* Eotw otL 10 €yypado He To peyoAutepo BaBuo eival cuvadeg. Mwg
UTTOPOULLE VO LLEYLOTOTIOL)OOUE TNV aKpiBeLa;
=Yg €va KAAO cvuotnua n akpifela eAattwvetatl 000
MEPLOCOTEPA EYYpaDO OVAKTOUME N LE TNV avénon NG
aVAKANONG
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Introduction to Information Retrieval Kep. 8.3

Appoviko Meoo

Mwc Sa cuvduaoouue to P Ko R;

.., To aptduntiko peoo (arithmetic mean)

** To om0 aplOUNTIKO PECO MLOC LNXAVACS avalntnong mou
emioTpedEL Ta tavta eivat 50%, mou sival oAU vPnAo

[ewpeTpLkO LEoO (geometric mean) ywouevo

Oa BEAQE LLE KATIOLO TPOTIO VAL TLULWPN OOV UE TNV TTOAU KaKN
OUUTTEPLPOP G OE OTIOLOSATIOTE Ao ta SUO PETPAL.

AUTO ETIITUYXAVETOAL TIALpvovTaC TO eAdyLoTO

AA\A TO eAayLoto ival Ayotepo opaAo (smooth) kat eivot SUokoAo
va otaOpuLotel

To F (oppoviko pneco) eival eva eldoc opadov eAdyLoTou
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Introduction to Information Retrieval Kep. 8.3

Eva cuvduaoTIKO METPO F

2uvnBwg Looppormnpevo (balanced) F,
" ApLOVLKO pLEco Twv P kat R
F1=1/[(1/2)1/P + (1/2)1/R] = 2PR/P+R

v' Mo Kovta ot pKpoTteEPN artd SU0 TILEC
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Introduction to Information Retrieval Kep. 8.3

Appoviko Meoo

Combined Measures

100
80 — Minimum
— Maximum

60

/ — Arithmetic
40 4 Geometric

// — Harmonic
20 41—

O I I I I
0 20 40 60 80 100

Precision (Recall fixed at 70%)

Tiueg oto 0-1, aAAd cuvnOwe o€ MoocooTA
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Introduction to Information Retrieval Kep. 8.3

Eva cuvduaoTIKO METPO F

To pETpO F erutpemel pla avtiotaduion (trade off) tnc akpiPfela
KOl TNG avakAnonc.

. 1 _ (P +1)PR
-:_‘f% + (1 — f_"f)% 2P+ R
, 1 —a
ATIoU 3° = a € [0, 1] and thus b? € [0,o°]

¥

2uvnBwg Looppornnpevo (balanced) F; pe a = 0.5 katb =1

. . P 1 11l | 1
= AUTO €LVOL TO CPLOVLKO LecO TwWV P kaltR F — 5 (7 + %)

= [Lo ola TTEPLOXN TIMWYV ToU B n avakAnon otaBuiletal

TMEPLOCOTEPO ATIO TNV aKpifeLa;
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Introduction to Information Retrieval Kep. 8.3

MNoapadetyua
relevant not relevant
retrieved 20 40 60
not retrieved | 60 1,000,000 1,000,060
80 1,000,040 1,000,120

P =20/(20 + 40) = 1/3
R =20/(20 + 60) = 1/4

Fi =211 =2/7
I
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Introduction to Information Retrieval Kep. 8.3

OpBotnta (Accuracy)

" [Tl vaL XPNOLULOTIOLOUE TIEPUTAOKO LETPA OTTWC AKPLPELQ,
avakAnon kot F?

" [LaTi oL KATL TTLo aTtAO;

OpBotnta (Accuracy) eival To TOCOOTO TWV ATTOPACEWV
(ouvadn/un cuvadn) mou sival CWOTEC.

Me Baon Tov mivako eVOEXOUEVWV:
accuracy = (TP + TN)/(TP + FP + FN + TN).

Mati auto dev eival xpnowo otnv All;
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Introduction to Information Retrieval Kep. 8.3

OpBotnta

Napadelypa

relevant not relevant
retrieved 18 2
not retrieved 82 1,000,000,000
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Introduction to Information Retrieval Kep. 8.3

OpBotnta

H unxavn avalntnong snoogle emiotpedel mavia 0 amoteAEopota
(“0O matching results found”), aveéaptnta amo to epwtnua. Tt pog
AE€L OpWC N opBoTNnTa (accuracy);

<600 IC':.CGm

Search for: | |

0 matching results found.
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Introduction to Information Retrieval Kep. 8.3

OpBotnta

= ATtAO KOATIO Yl TN pEYLoToTolnon tTng opBotntac otnv All: meg
TIOVTA OXL KOLL LNV ETILOTPEPELC KOVEVD EYypado

" AUTO €XEL WG amoteleopa 99.99% opBotnTa oTA MEPLOCOTEPQ
gpwTAUOTA

Searchers oto web (kat yevika otnv All) B€Aouv va Bpouv KATL Kall
£XOUV KATTOLOL OVEKTIKOTNTA OTO «OKOUTILOLO»

KaAUtepa va emloTpedELC KATTOLO KOKA hits apKel val eMLOTEDELC
KATL

— o TNV amotipnon, XpNOoLUOToOLOUE TNV akpifeLa, avakAnon Ko
F
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Introduction to Information Retrieval Kep. 8.3

AvokoAiec otn xpnon P/R

= [IpemeL val UTMOAOYLOTOUV HECOL OPOL YLa LEYAAEC
opadec cuANOYWV gyypAdwWV/EPWTNUATWY
= XpelalovTal EKTIUNTELC CUVHPELOC OTTO OVIPWITOUC
= OLXpNOTEC YeVIKA Oev elval a&Lomiotol aELoAOYyNTEC
= OL EKTIMNOELC TIPETIEL VAL ELvoll SUABLKEC
= Evblapeoec aéloAoynoeLc;
= Eéaptwvtal amod th ocuAloyr/ouyypadn

* Ta amoteAeéopata pnopel va dtadpEpouv amo to eva nedio
oTo Ao
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Introduction to Information Retrieval

Mn yvwotn avakAnon

= O oUVOALKOC aplBuoc Twv cuvadwyv eyypadwyv Oev
elval mavta yvwoTtoc:
= AswypotoAnyia — tape Eyypada amno tn cuAAoyn Ko
aéloAoynoe tn ouvadeLa TouC.
= Edappooe dtadopetikolc alyoplOpouc yia tnv oL
oUuAAoyn Katl TtnVv dla epwtnon Kat XpnoLLomnoinoe to
aBpolopa Twv cuvadwv eyypadwv



Introduction to Information Retrieval

Akpifela kot AvakAnon

Emotpépet
cuvaen £yypopa

To Waviko
aAAQ YOVEL KO /
TOAALQ GLVOQT \ 1

Emotpépet kupimg
oLuVaQET EYYPOPO OALG
KOl KATTO10L GKOVTTIOL0,



Introduction to Information Retrieval

Tuylvetal otav umapyxet dtatoén Twv

QTMTOTEAECUATWVY;



A&loAoynon Katataypevne Avaktnong

O xpnotnc 6& PAEmeL OAN TNV amavinon, avtiBsta apyilel
aro tnv kopudn TNS AloToC TWV ATTOTEAECUATWV
OewPELOTE TNV MEPLMTWON TOU:
Answer(System1,q) = <NNNNNNNRRR>
Answer(System2,q) = <RRRNNNN NN N>

v' H akpiBeta, avakAnon ko to F givat UETpa yLo un
katatayueva (unranked) ocuvola .

[TwC UITOPOULUE VO TO TOOTTOITOLNCOUUE T UETON VIO
Alotec ue dtataén;
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Introduction to Information Retrieval Kep. 8.4

KopurtAn Akpifetac/AvakAnonc

[TwC UTTOPOULE VO TO TOOTTOITOLNCOUUE T UETON VIO

Alotec ue dwataén;
= ATTAWC UTTOAOYLOE TO METPO CUVOAOU yLa KABe mpoBepa: to
kKopudaio 1, kopudaia 2, kopudaia 3, kopudaia 4 KA
amoteAEopaTO

Me auTOV TOV TPOTIO TIALLPVOUE Lo KOLLLTTUAN oKpLBELoc-

avakAnonc (precision-recall curve).
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Introduction to Information Retrieval Kep. 8.4

Napadeypa |

n_doc # relevant total # of relevant docs = 6

1 588 X Check each new recall point:

2 589 X \

3 576 e . D—1/1—

2 590 \ R=1/6=0.167; P=1/1=1

5 | 986 R=2/6=0.333; P=2/2=1

6 592 X

7 984 \ R=3/6=0.5; P=3/4=0.75

8 988

9 578 R=4/6=0.667; P=4/6=0.667

10 985 .

11 103 Missing one

19 501 relevant document.
Never reach

14 990

72



Introduction to Information Retrieval Kep. 8.4

Napadeypa | (ouvexela)

Recall-Precision Graph
1
0,8 .
g ’ L N
B 0,6 f
9 0,4 H—n
a.
0,2
0
0 0,5 1
Recall

Mplovwtn — To precision eAattwvetal yLa To oLo recall pexpt
va Bpebel to emopevo cuvadec yypado
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AkpiBeLa ek tapepBoAnc (Interpolated

precision)

= Av n akpiBeta aAAAdleL TOTIKA PE TNV abénon TNE avakAnong, To
AappBavoupe urt’ oYy — o ypnotnc JeAet va et kat aAda
Eyypapa av aUEAVETOL KoL N akpiBela kat n avakAnon

* [laipvoupE TN MEYLOTN TLUN TNGS akpiBelac ota de€Ld TNS TIUAC
P(r;) = max P(r)

j<r<rj+1

1] 1]
precision interpolated
precision
A . :
“/ W ) 4 w5 "
g . a ,
° recall ° recall



Introduction to Information Retrieval Kep. 8.6

KopurtAn Akpifetac/AvakAnonc

1.0 1

0.8 A

0.6 A

Precision

0.4 -

0.2 A

0.0

0.0 0.2 04 0.6 0.8 1.0
Recall

KaBe onuelo avtiotolyel og €val amoteEAeopa yla Ta kopudoaia
k eyypada (k=1, 2, 3,4, ...).

NopepBoAn (pe KOKKLVO): LEYLOTO TWV LEAAOVTIKWY CNLLELWV
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Introduction to Information Retrieval

Napadeyuo

Rank Doc Rel Recall Pr‘ecision B

0) 0% 0 %
Relevant = | 0 %57 o2 825 Gao L | sy v | 10% | 100
d,4, dsg,dyp, dgg, A og 2 d g4 10 o 2 e

3 d 54 v 20% | 67 %

4 dg 20% | 50 %

5 d g4 20% | 40 %

120 - 6 do v | 30% | 50 %
100 - 7 d 511 30% | 43 %

Sf’, 80 - \\ 8 | di 30% | 38%
s 60 - 9 d 157 30% | 33%
2 401 T — 10| dy | v [40% [ 40%
20 11 d38 40 o/o 36 %

0 . ' ' ' | 12 d 48 40% | 33 %
020 30 4050 13 | dusp 40% | 31%

Recal 14 | dy 40% | 29%

15 d; v | B0% | 33 %
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Introduction to Information Retrieval Sec. 8.4

MEool OpoL Ao MOAAQ EpwTRUOTA

= To ypadnua yio Eva epwtnpo dSev apkKei

= Xpewalopaote 1 Leon anodoor) 08 OPKETH
EPWTNUATC.

= AANQ:

= OLumnoloylopot akpiBelac-avakAnong tomoBetovv
KAToLa onUELa oto ypadpnua

" Nwc kaBopiloupe pLo TIUN VAUECSO OTA ONMUELD;
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Introduction to Information Retrieval Kep. 8.4

2UYKPLON 2UOTNUOTWV

® Jvuotnua l

O sYotnua 2

Mw¢ Vol T OUYKPLVOUUE;

Precision
o

Recall
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Introduction to Information Retrieval Kep. 8

2UYKPLON ZUCTNUATWVY

2KOTIOC: Auvatotnto cUYKpLonG SLadpOPETIKWY CUOTNUATWY

Nwc; Xpnon kavovikorotnuevwy ernumedwy avokAnonc (standard
recall levels)

Napadelypa KaOlepwpeEVWY ermedwv avakAnonc (mAndoc¢
eTunedwv: 11):

Standard Recall levels at 0%, 10%, 20%, ..., 100%

r; {0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0}
r,=0.0,r;,=0.1, ..., r,=1.0
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Introduction to Information Retrieval Kep. 8
Meon akpifeta 11-onpeiwv pe mapefoAn
(11-point interpolated average precision)

YrtoAoyLoe tTnv akpiBela pe mapepfoAn ota
enineda avaktnoncg 0.0, 0.1, 0.2, . ..
ErmtaveAaPe to yLa OAa Ta EpWINMATA OTO
evaluation benchmark kot mape to péoco opo
AUTO TO METPO HETPA TNV amtodoon o€ OAa T
entneda avakAnonc (at all recall levels).
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Introduction to Information Retrieval Kep. 8
Meon akpifeta 11-onpeiwv pe mapefoAn
(11-point interpolated average precision)

Recall Interpolated

Precision 11-point average: =
0.0 1.00 0.425
0.1 0.67
0.2 0.63 [evikd uTtoAOyLoe To peco precision recall
0.3 0.55 ylLa €va cUVOAO IO EpWTHATA
0.4 0.45 N, — A 6og epwtnudTwy
0.5 0.41 P.(r) - precision at recall level r for it query
0.6 0.36
07 029 [= -
0.8 0.13
0.9 0.10

1.0 0.08
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Introduction to Information Retrieval Sec. 8.4

Turukn (kaAn;) akpiBela 11-onueiwv

= SablR/Cornell 8A1 11pt precision from TREC 8 (1999)

1 -

Precision
o -
(e)] (00}

©
~
1

o
N

o
o

0.2 04 0.6 0.8 1
Recall
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2UYKPLON ZUCTNUATWVY

" H kaummuAn Tou lval 1o Kovta otn mavw de€ld ywvia
ToU ypadnuatoc urtodnAwvel kol KaAUTEPN amodoon

1 -
0,8 - —— NoStem —- Stem
0,6 -
0,4 -
0,2 -

0 I I I I I I I I I |
010203040506070809 1
Recall

Precision




Introduction to Information Retrieval Kep. 8.4

AkpiBewa ota k (precision@k)

" AxpiBeia-ota-k (Precision-at-k): H akp(Bela twv
Kopu@aiwv k amoTeEAECUATWY

My akpiBela-ota-10, ayvoei ta eyypada peta to 10°

X
= Prec@3 2/3
" Prec@4 2/4
= Prec@5 3/5

v MBavov KatdAANAO yLa TLC TIEPLOCOTEPEC aVOL{NTAOCELC 0TO web: ot
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OL emopevecg oehidec deiyvouv autouc touc 200 6pouc mou
uropst va Aappavovtat utoPpn otn dtafabuion tng google
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Domain Factors

Domain Age

Keyword Appears in Top Level Domain

Keyword As First Word in Domain

Domain registration (time) length

Keyword in Subdomain Name
http://www.yoursite.com -> http://subdomain.yoursite.com

Domain History

7. Exact Match Domain (reduced in 2013)

http://howtoinvestinstocks.com
8. Public vs. Private Whois
9. Penalized Whois Owner (if identified as a spammer)

10. Country TLD extension (having a Country Code Top Level Domain (.cn, .pt,
.ca) helps the site rank for that particular countr but limits the site’s ability to rank
globally.

Lk wh e

o
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Page-Level Factors

Lk wh e

N o

Keyword in Title Tag

Title Tag Starts with Keyword

Keyword in Description Tag

Keyword Appears in H1 Tag

Keyword is the Most Frequently Used Phrase in Document

Keyword Prominence: Having a keyword appear in the first 100-words
Keyword in H2, H3 Tags: Having your keyword appear as a subheading in H2 or
H3 format may be another weak relevancy signal.

Keyword Word Order: An exact match of a query keyword in a page content
will generally rank better than the same keyword phrase in a different order.

Content Length: Content with more words can cover a wider breadth and are
likely preferred

10. Keyword Density
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Page-Level Factors (ll)

11.
12.

13.

14.

15.
16.

17.

18.

19.

Page Loading Speed via HTML
Page Loading Speed via Chrome: Google may also use Chrome user data as this takes
into account server speed, CDN usage and other non HTML-related speed signals.

Duplicate Content: Identical content on the same site (even slightly modified)
can negatively influence a site’s search engine visibility.

Rel=Canonical: When used properly, use of this tag may prevent Google from
considering pages duplicate content.

Syndicated Content: Is the content on the page original?

Image Optimization: Images on-page send search engines important relevancy signals
through their file name, alt text, title, description and caption.

Recency of Content Updates: Caffeine favors recently updated content, especially for
time-sensitive searches. Google shows the date last update for certain pages
Magnitude of Content Updates: The significance of edits and changes is also a
freshness factor. Adding or removing entire sections is a more significant than switching
around the order of a few words.

Historical Updates Page Updates: How often has the page been updated over time?
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Page-Level Factors (llI)

20.

21.

22.

23.

24.

25.

26.

Outbound Link Quality: linking out to authority sites

Outbound Link Theme: search engines may use the content of the pages you link to as
a relevancy signal. For example, if you have a page about cars that links to movie-
related pages, this may tell Google that your page is about the movie Cars, not the
automobile.

Number of Outbound Links: Too many dofollow OBLs may “leak” PageRank, which can
hurt search visibility.

Helpful Supplementary Content: helpful supplementary content is an indicator of a
quality, e.g., currency converters, loan interest calculators and interactive recipes.
References and Sources: Citing references and sources, like research papers do, may be
a sign of quality.

Latent Semantic Indexing Keywords in Content (LSI): LSI keywords help search engines
extract meaning from words with more than one meaning (Apple the computer
company vs. the fruit). The presence/absence of LS| probably also acts as a content
guality signal.

LS| Keywords in Title and Description Tags: As with webpage content, LSI keywords in
page meta tags probably help Google discern between synonyms. May also act as a
relevancy signal. 90
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Page-Level Factors (IV)

27.
28.

29.

30.

31.
32.

33.

34.
35.

Multimedia: e.g, Images, videos

Number of Internal Links Pointing to Page: The number of internal links to
a page indicates its importance relative to other pages on the site.
Quality of Internal Links Pointing to Page: Internal links from authoritative
pages on domain have a stronger effect than pages with no or low PR.

Broken Links: too many broken links on a page may be a sign of a
neglected or abandoned site.

Grammar and Spelling:

Reading Level: estimates the reading level (basic, intermediate, advanced)
of webpages but what they do with that information is up for debate.
HTML errors/WC3 validation: Lots of HTML errors or sloppy coding may be
a sign of a poor quality site.

Bullets and Numbered Lists

User Friendly Layout
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Page-Level Factors (IV)

36. Page Host’s Domain Authority: All things being equal a page on an authoritative
domain will rank higher than a page on a domain with less authority.

37. Page’s PageRank: Not perfectly correlated. In general higher PR pages rank better than
low PR pages.

38. URL Length: excessively long URLs may hurt search visibility.

39. URL Path: A page closer to the homepage may get a slight authority boost.

40. Keyword in URL: Another important relevancy signal.

41. URL String: The categories in the URL string are read by Google and may provide a
thematic signal to what a page is about

42. Page Category: The category the page appears on is a relevancy signal

43. WordPress Tags: Tags are WordPress-specific relevancy signal.

44, Affiliate Links: Affiliate links themselves probably won’t hurt rankings. But if too many,
Google’s algorithm may pay closer attention to other quality signals to make sure not a
“thin affiliate site”.
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Page-Level Factors (V)

45.

46.

47.

48.

49.

50.

Human Editors: Although never confirmed, Google has filed a patent for a
system that allows human editors to influence the SERPs.

Priority of Page in Sitemap: The priority a page is given via the sitemap.xml file
may influence ranking.

Quantity of Other Keywords Page Ranks : If the page ranks for several other
keywords it may give Google an internal sign of quality.

Page Age: Although Google prefers fresh content, an older page that’s
regularly updated may outperform a newer page.

Parked Domains: decreased search visibility of parked domains. Domain
parking refers to the registration of an internet domain name without that
domain being associated with any services such as e-mail or a website.
Useful Content:
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Site-Level Factors

1. Content Provides Value and Unigue Insights

2. Contact Us Page: prefer sites with an “appropriate amount of contact
information”, e.g., if contact information matches your whois info.

3. Domain Trust/TrustRank: Site trust — measured by how many links away a
site is from highly-trusted seed sites —massively important ranking factor.

4. Site Architecture: A well put-together site architecture (especially a silo
structure) helps Google thematically organize your content.

5. Site Updates: How often a site is updated — and especially when new
content is added to the site — is a site-wide freshness factor.

6. Number of Pages

7. Presence of Sitemap: A sitemap helps search engines index your pages easier
and more thoroughly, improving visibility.

8. Site Uptime: Lots of downtime from site maintenance or server issues may
hurt ranking (and even result in deindexing if not corrected).

9. Server Location: may influence where site ranks in different geographical

regions. Especially important for geo-specific searches.
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Site-Level Factors (lIl)

10.
11.

12.

13.

14.

15.
16.

SSL Certificate (Ecommerce Sites)

Terms of Service and Privacy Pages: These two pages help tell Google that a
site is a trustworthy member of the internet.

Duplicate Content On-Site: Duplicate pages and meta information across
your site may bring down all of your page’s visibility.

Breadcrumb Navigation: This is a style of user-friendly site-architecture that
helps users (and search engines) know where they are on a site:

Mobile Optimized: create a responsive site; likely that responsive sites get
an edge in searches from a mobile device.

YouTube: YouTube videos are given preferential treatment in the SERPs

Site Usability: A site difficult to use or to navigate can hurt ranking by
reducing time on site, pages viewed and bounce rate. This may be an
independent algorithmic factor gleaned from massive amounts of user data.
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Site-Level Factors (llI)

17.

18.

Use of Google Analytics and Google Webmaster Tools: Some think that
having these two programs installed on your site can improve your page’s
indexing. May also directly influence rank by giving Google more data to
work with

User reviews/Site reputation: A site on review sites like Yelp.com and
RipOffReport.com likely play an important role.
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Backlinks Factors

1. Linking Domain Age: Backlinks from aged domains may be more powerful

2. Number of Linking Root Domains: The number of referring domains is one
of the most important ranking factors in Google’s algorithm

3. Number of Links from Separate C-Class IPs

4. Number of Linking Pages: The total number of linking pages — even if some
on the same domain — is a ranking factor.

5. Alt Tag (for Image Links): Alt text is an image version of anchor text.

6. Links from .edu or .gov Domains

7. PR of Linking Page: The PageRank of the referring page is an extremely
important ranking factor.

8. Authority of Linking Domain: The referring domain authority may play an
independent role in link importance (ie. a PR2 page link from a site with a
homepage PR3 may be worth less than a PR2 page link from PR8 Yale.edu).

9. Links From Competitors: Links from other pages ranking in the same SERP
(search engine result page) may be more valuable for a page’s rank for that

particular keyword.
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Backlinks Factors (ll)

10. Social Shares of Referring Page: The amount of page-level social shares
may influence the link value.

11. Links from Bad Neighborhoods e.g., link farms

12. Guest Posts:

13. Links to Homepage Domain that Page Sits On: Links to a referring page
homepage may play special importance in evaluating a site — and
therefore a link — weight.

14. Nofollow Links: Google’s official word on the matter is: “In general, we
don’t follow them.”

15. Diversity of Link Types

16. “Sponsored Links” Or Other Words Around Link: Words like “sponsors”,
“link partners” and “sponsored links” may decrease a link’s value.
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Backlinks Factors (llI)

17.
18.
19.
20.
21.

22.

23.

24.

Contextual Links: Links embedded inside a page content more powerful than
links on an empty page or found elsewhere on the page.

Excessive 301 Redirects to Page

Backlink Anchor Text

Internal Link Anchor Text

Link Title Attribution: The link title (the text that appears when you hover
over a link)

Country TLD of Referring Domain: Getting links from country-specific top level
domain extensions (.de, .cn, .co.uk) may help rank better in that country.

Link Location In Content: Links the beginning of a piece of content carry slight
more weight than links placed at the end of the content.

Link Location on Page: Where a link appears on a page is important.
Generally, links embedded in a page content are more powerful than links in
the footer or sidebar area.
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Backlinks Factors (1V)

25. Linking Domain Relevancy:
26. Page Level Relevancy: link from a page closely tied to page content
more powerful than a link from an unrelated page.

27. Text Around Link Sentiment: whether or not a link to your site is a
recommendation or part of a negative review. Links with positive
sentiments likely carry more weight.

28. Keyword in Title
29. Positive Link Velocity
30. Negative Link Velocity

31. Links from “Hub” Pages: getting links from pages that are considered
top resources (or hubs) on a certain topic are given special treatment.

32. Link from Authority Sites: A link from a site considered an “authority
site” likely more important than a link from a small, microniche site.
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Backlinks Factors (1V)

33.

34.
35.

36.

37.

38.
39.

Linked to as Wikipedia Source: Although the links are nofollow, getting a link
from Wikipedia may give a little added trust and authority

Co-Occurrences: The words that tend to appear around your backlinks
Backlink Age: older links have more ranking power than newly minted
backlinks.

Links from Real Sites vs. Splogs: probably more weight to links from “real
sites” than from fake blogs.

Natural Link Profile: A site with a “natural” link profile is going to rank highly
and be more durable to updates.

Reciprocal Links: “Excessive link exchanging” as a link scheme to avoid.

User Generated Content Links: Google is able to identify links generated from
UGC vs. the actual site owner.
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Backlinks Factors (1V)

40.
41].

42.

43.
44.

45.

46.

47.
48.

Links from 301: Links from 301 redirects may lose compared to a direct link.

Schema.org Microformats: Pages that support microformats may rank above
pages without it.

DMOZ Listed: Many believe that Google gives DMOZ listed sites a little extra

trust.

Yahoo! Directory Listed:

Number of Outbound Links on Page:

Forum Profile Links: Because of industrial-level spamming, Google may
significantly devalue links from forum profiles.

Word Count of Linking Content: A link from a 1000-word post is more valuable
than a link inside of a 25-word snippet.
Quality of Linking Content:

Sitewide Links: sitewide links are “compressed” to count as a single link.
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User Interaction

1. Organic Click Through Rate for a Keyword
2. Organic CTR for All Keywords

w

Bounce Rate: pages where people quickly bounce is probably not very good

4. Direct Traffic: It’s confirmed that Google uses data from Google Chrome to
determine whether or not people visit a site (and how often). Sites with lots
of direct traffic are likely higher quality than sites that get very little direct
traffic.

5. Repeat Traffic: whether or not users go back to a page or site after visiting.

6. Blocked Sites: Google has discontinued this feature in Chrome. However,
Panda used this feature as a quality signal.

7. Chrome Bookmarks

8. Google Toolbar Data: besides page loading speed and malware, not know
what kind of data they glean from the toolbar.
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User Interaction (I1)

9. Number of Comments:
10. Dwell Time: Google pays very close attention to “dwell time”: how long

people spend on your page when coming from a Google search. This is also
sometimes referred to as “long clicks vs short clicks”.
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Special Algorithm Rules

1. Query Freshness

2. Query Deserves Diversity: Google may add diversity to a SERP for ambiguous
keywords, such as “Ted”, “WWF” or “ruby”.

3. User Browsing History: Sites that you frequently visit while signed into
Google

4. User Search History: Search chain_influence search results for later searches.
For example, if you search for “reviews” then search for “toasters”, Google is
more likely to show toaster review sites higher in the SERPs.

5. Geo Targeting: Google gives preference to sites with a local server IP and
country-specific domain name extension.

6. Safe Search: Search results with curse words or adult content not appear for
people with Safe Search turned on.

7. Google+ Circles: Google shows higher results for authors and sites added to
your Google Plus Circles

8. DMCA Complaints: downranks pages with DMCA complaints (copyright act).
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Special Algorithm Rules (1)

10.

11.

12.
13.

14.

15.

Domain Diversity: The “Bigfoot Update” supposedly added more domains to
each SERP page.

Transactional Searches: Google sometimes displays different results for
shopping-related keywords, like flight searches.

Local Searches: Google often places Google+ Local results above the “normal”
organic SERPs.

Google News Box: Certain keywords trigger a Google News box:

Big Brand Preference: After the Vince Update, Google began giving big brands a
boost for certain short-tail searches.

Shopping Results: Google sometimes displays Google Shopping results in
organic SERPs

Image Results: Google elbows our organic listings for image results for searches
commonly used on Google Image Search.
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Special Algorithm Rules (1)

16. Easter Egg Results: Google has a dozen or so Easter Egg results. For example,
when you search for “Atari Breakout” in Google image search, the search results

turn into a playable game (!).
17. Single Site Results for Brands: Domain or brand-oriented keywords bring

up several results from the same site.
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Social Signals

1. Number of Tweets:
2. Authority of Twitter Users Accounts:

3. Number of Facebook Likes: Although Google can not see most Facebook
accounts, likely they consider the number of Facebook likes a page receives as
a weak ranking signal.

4. Facebook Shares: Facebook shares — because more similar to a backlink —
may have a stronger influence than Facebook likes.

5. Authority of Facebook User Accounts: As with Twitter, Facebook shares and
likes coming from popular Facebook pages may pass more weight.

6. Pinterest Pins: popular and lots of public data.

7. Votes on Social Sharing Sites: possible that Google uses shares at sites like
Reddit, Stumbleupon and Digg as another type of social signal.
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Social Signals (lI)

8. Number of Google+1's:
9. Authority of Google+ User Accounts:
10. Verified Google+ Authorship: may already be a trust signal.

11. Social Signal Relevancy: Google probably uses relevancy information from the
account sharing the content and the text surrounding the link.

12. Site Level Social Signals: Site-wide social signals may increase a site overall
authority, which will increase search visibility for all of its pages.
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Brand Signals

1. Brand Name Anchor Text: Branded anchor text is a simple — but strong —
brand signal.

2. Branded Searches: people search for brands. If people search for your site in
Google (ie. “Backlinko twitter”, Backlinko + “ranking factors”), Google likely
takes this into consideration when determining a brand.

3. Site Has Facebook Page and Likes: Brands tend to have Facebook pages with
lots of likes.

4. Site has Twitter Profile with Followers: Twitter profiles with a lot of followers
signals a popular brand.

5. Official Linkedin Company Page: Most real businesses have company Linkedin
pages.

6. Employees Listed at Linkedin:

7. Legitimacy of Social Media Accounts: A social media account with 10,000
followers and 2 posts is probably interpreted a lot differently than another
10,000-follower strong account with lots of interaction.
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Brand Signals (lI)

8. Brand Mentions on News Sites

9. Co-Citations: Brands get mentioned without getting linked to. Google likely
looks at non-hyperlinked brand mentions as a brand signal.

10. Number of RSS Subscribers

11. Brick and Mortar Location With Google+ Local Listing:

12. Website is Tax Paying Business
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On Site Webspam Factors

> W

Panda Penalty: Sites with low-quality content (particularly content farms) are
less visible in search after getting hit by a Panda penalty.

Links to Bad Neighborhoods: Linking out to “bad neighborhoods” — like
pharmacy or payday loan sites — may hurt your search visibility.

Redirects: not just penalized, but de-indexed.

Popups or Distracting Ads:

Site Over-Optimization: Includes on-page factors like keyword stuffing, header
tag stuffing, excessive keyword decoration.

Page Over-Optimization: Many people report that — unlike Panda — Penguin
targets individual page (and even then just for certain keywords).

Ads Above the Fold: The “Page Layout Algorithm” penalizes sites with lots of
ads (and not much content) above the fold.

Hiding Affiliate Links: Going too far when trying to hide affiliate links
(especially with cloaking) can bring on a penalty.

Affiliate Sites: sites that monetize with affiliate links under extra scrutiny.
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On Site Webspam Factors

10. Autogenerated Content:

11. Excess PageRank Sculpting:

12. IP Address Flagged as Spam: .

13. Meta Tag Spamming: Keyword stuffing can also happen in meta tags.
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Off Site Webspam Factors

1. Unnatural Influx of Links: A sudden (and unnatural) influx of links

2. Penguin Penalty: Sites that were hit by Google Penguin are significantly less
visible in search.

3. Link Profile with High % of Low Quality Links: Lots of links from sources
commonly used by black hat SEOs (like blog comments and forum profiles)
may be a sign of gaming the system.

4. Linking Domain Relevancy: sites with an unnaturally high amount of links
from unrelated sites were more susceptible to Penguin.

5. Unnatural Links Warning: Google sent out thousands of “Google Webmaster
Tools notice of detected unnatural links” messages. This usually precedes a
ranking drop

6. Links from the Same Class C IP: Getting an unnatural amount of links from
sites on the same server IP may be a sign of blog network link building.
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Off Site Webspam Factors

7. “Poison” Anchor Text: Having “poison” anchor text (especially pharmacy
keywords) pointed to your site may be a sign of spam or a hacked site.

8. Manual Penalty:

9. Selling Links: Selling links can definitely impact toolbar PageRank and may
hurt your search visibility.

10. Google Sandbox: New sites that get a sudden influx of links are sometimes
put in the Google Sandbox, which temporarily limits search visibility.

11. Google Dance: The Google Dance can temporarily shake up rankings.
According to a Google Patent, this may be a way for them to determine
whether or not a site is trying to game the algorithm.

12. Disavow Tool: Use of the Disavow Tool may remove a manual or algorithmic
penalty for sites that were the victims of negative SEO.

13. Reconsideration Request: A successful reconsideration request can lift a
penalty.
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